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the communication among robots (RQ2 and RQ3); and (6) the al-
gorithms and rules in charge of managing the choreography of
the robotic team (RQ3). (1) and (3) are being continuously devel-
oped (we already performed a study map of software architectures
for robot applications [4]). (2) is already developed [4]. (4) will be
addressed in the near future and (5) in the second part of the project.
Validation.Ourwork is performed in the context of the Co4Robots1
project, what allows us to validate our research questions with real
robots in real-world scenarios, since the industrial partners2 pro-
vide three di!erent robots and their facilities for experimentation,
both in real-life and simulation. Such scenarios are dynamic and
changing with the presence of humans. In order to validate the
developed code and artifacts, we de"ned three di!erent approaches.
The "rst approach consists in getting feedback from stakeholders
and practitioners; this has been done, for instance, through presen-
tations of our work during meetings and consortiums. The second
one relies on simulation tools that allow us to validate our artifacts
before implementing them in real robots. The third one consists of
validation with real robots in real-world scenarios.
ROBOTIC APPLICATIONS
RQ1. After a through study of the current literature we conducted
study map [4] that is based on and extends the work of Ahmad et
al. [1]. In this work we identify software architectures applied to
robotic systems and point out their limitations.
RQ2. To answer RQ2 we divide the software to be deployed within
each robot in di!erent items.
Software architecture. We inspected architectures identi"ed by a
mapping study of Ahmad et al. [1], which investigated software ar-
chitectures for robotics systems. According to this study, currently
there are no architectures that permit the achievement of a mission
by teams of robots that collaborate among them and with humans
in a decentralized manner. For this reason, we developed the Self-
adaptive dEcentralised Robotic Architecture (SERA) [4]. It supports
a real-time decentralized robot coordination and adaptation to ac-
complish missions with teams of robots collaborating with humans.
SERA is inspired by and extends concepts of existing proposals
for robot software architectures from the literature. Speci"cally,
it is a three layers, component-based architecture that is strongly
in#uenced by the well-known work of Kramer et al [6]. It was de-
veloped to support a wide range of applications, i.e. di!erent robot
models, environments, missions, etc. SERA was already tested in a
real-world scenario, supporting the operation of a robot—i.e. per-
forming collaborative transportation and autonomous navigation.
Software platform. The software platformwill integrate the software
architecture, all the generated tools and software and the con"gu-
ration facilities. The platform is also a collection of instantiations
created by developers of each component of the architecture. In the
current instantiation of SERA, the components of our architecture
are represented as ROS [8] nodes and packages (although it was
developed to support di!erent middleware). All these components
are developed abstracting the communication problems since we
rely on the interfaces de"ned in the architecture. It not only sig-
ni"cantly reduces the complexity of the code but also enforces the
1http://www.co4robots.eu/
2https://www.bosch.com/, https://pal-robotics.com/en/home/
modularity of our system. To achieve the abstraction of the inter-
faces, we de"ned an abstract class for each component where all
the communication code is stored. Thus, every time a developer
wants to create a new instantiation of a component he/she must
create a new class that inherits the properties of the abstract one.
Finally, in order to enable the communication between robots we
implemented an approach based on REST over ROS that uses a com-
ponent that works as an interface and enables the communication
among robots using services (for developing this component we
followed the guidelines of already available tools3).
Con!guration facilities. Suitable con"guration facilities will allow
our robotic applications: (1) to be customizable at design-time, so
we can con"gure the application exchangeable components based
on the requirements of our context (i.e. hardware installed in each
robot, environment where they will be deployed, etc.); and (2) to
self-adapt or self-con"gure at run time, so each robot can apply
changes in its con"guration based on events in the environment
that cannot be predicted at design time or failures of their system.
RQ3. Techniques for supporting the correct choreography of mul-
tiple robots will be studied and applied [9]. Collaboration and in-
teraction of robots among themselves, with humans, and with the
environment could lead to emergent properties (properties that
can be observed at a global level but that none of the interacting
entities exhibit on its own), representing unexpected behaviors [2].
Emergent properties can be bene"cial, neutral, or even harmful; for
instance, when they hamper safety or the mission accomplishment.
Conclusion. Without well-de"ned engineering processes, most of
the robotic projects are neither time nor cost e$cient. Therefore,
we strive to bring software engineering best practices since it can be
the key technology for the improvement of applications developed
for robotic systems. Furthermore, managing a collaborative team of
robotic agents in dynamic environments with human presence is a
required feature of nowadays’ robotic applications. In this project
we aim to solve these challenges while validating the premises and
obtained results in real-world scenarios with real robots. The usage
of robots in environments populated with humans has some ethical
issues, but is something explicitly considered by Co4Robots.
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